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論文内審要旨
Inthisthesisweshallconstructnon-commutativeLP-spεlces(1<ρ<oo)foravon
 Neumannalgebraルfandafaithfulnormalsemi.finiteweightψonMbyCalder6n'scomplex
 inしerpolationmethod.Moreover,weinvestigaterelationshipsbetweenourLP-spacesandthe
 non-commutativeガーspacesconstructedbyTerp,Connes-HilsumandHaagerup、
 1nむhetheory・fv・nNeumannalgebras,むhepair(砿ψ)・fav・nNeumanna]gebraM
 andaweightψonハ4isanlmportantobjectandwecanregardthlspairasanol/-
 commuしativemeasurespace.Infact,whenMiscommutative,thereexistsameasurespace
 (X,μ)怠uchthat〃一L㏄(X,μ)and
 τ一ρμ
 isa(falthful)traeeonハ4.
InLhe1950'sKunzeandOgasawara-Yoshinagadevelope⊂1theLheoryofnon.commutative
 Lρ一spacesbasedonSegaユ'stheoryofmeasurableoperatorsforavonNeumannaigebra
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 havingtraces.Dixmieralsocons七ructednon-commtativeLρ一spaceswiしhaslightlydifferent
(butessentiallythesame)method.
 La七er,themodulartheory(theTomiLa.Takesakitheory)associatedtoleftHiibert
 algebras,whichwasdevelope(iinthe1960's,enablesusしostudytypeHIvonNeumann
algebraseffectively.
 Intheearly1980's,Haagerupconstructednon-commuta七iveLP-spacesbyusingthetheory
ofcrossedproducts(non-commutativeFourieranaiysis).Afterthat,severaiauthorssLudied
 c・nstructi・ns・fn・n-c・mmutativeLp-spacesbyusing・thertechniques.F・rexample,C・nnes-
HilsumusedConnes'theoryofspatialderivative(non-commutativeRadon-Nikodym
 derivative)t・c・nstructLp-spacesasalinearspaceofunb・unded・perat・rs・nしheHilbert
 spaceonwhichagivenvonNeumanllalgebraacむs.Arakl-MasudaconslderedLP-normslll
 thestan〔iardHilbertspaceofaσ一finitevonNeumannalgebraandobtainednQn-commuしa七ive
 LP-spaceasacompletionofthestandardHilbertspaceby七heLP-no1-m.Moreover,Masuda
 cons七ructedガーspacesasalinearspaceofunboundedoperatorsonthestandardHilbert
 space.The五ρ一spacesconstructedbyConnes-Hilsum,ArakレMasudaandMasudaareall
knowntobeisomorphictoHaagerup'sLρ.space.
 Inthepaperpubhshedin1984,K・sakic・nsむructedn・n-c・mmutative五ρ一spacesfr・m
 anotherpoin七〇fview.
 TheDixmier.SakaitheoremtellsusthatavonNeumannalgebraMisaC㌧algebrahaving
 auniquepredual八広.Suppose,forthemomenL,thatMiscommutaむive.Thenthereexists
 ameasurespace(X,μ)suchthaL(M,ルf、)二(L。。(X,μ),LL(X,μ)).
 Retumingtothegeneralsituation,wecaロregard(ハ4,M。)asthepairofanon-
 commutaむiveL。。一spaceandcorrespondingnon-commutative五i-space.
 LetψbeafaithfulnormalstaLeonM.KosakiconsideredembeddingsofMintoルf。by
 ∬∈ルf→∫ψ∈M。
 (r2s∫〕.∬∈M→ψ∬∈M,),
where
 (即)(す)需ψ(μ),(ψ∬)(彰)葉ψ(曙)(∬,宮∈ハ4).
 (ln七hecommutativecase,theseembeddingscorrespondtoLheinclusionL㏄⊂L1.)
 ApplylngCalder6n'scomplexinterpoiationme七hodtotheseembeddings,Kosakiobtained
inLerpolationspaces
 Ci/ρ(M,砿)(1<ρ<。。)・
 Byusinggeneraltheoryofむhecomplexinterpolationmethod,heshowedthattiユis
 interp・lati・nspaceactuallysatisfiesvari・uspr・perLiesrequiredasanLp-spacesuchas
 dualityandtheRadon-Ni1くodymtypetheorem.Moreover,heshowedしhathisL玩space
canonicallyisomorphictoHaagerup'sone,
In1982,Terpappliedthismethodtothecasewhereψisa(faithfulnormalsemi-finite)
 weighしforthespecialembeddingwhichisdescribedinthecasewhereψisasむa七eas
 ∬∈M.→σ望⊥(∬)ψ∈砿,
 
 whereMロdeno七esthesetofanaiyむicdementswithrespecttotiユemodularactionsassociated
 withψ,anddefinedanon℃ommutativeLρ一spacebythecomplexinterpolationmethod.
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Moreover, she showed that her Lp-space is isomol~phic to Connes-Hilsum's Lp-space, and hence 
isomorphic to Haagerup's Lp-space. 
In this thesis, we focus our attention on a general weight (not necessari]y a state) q) on 
M, and we introduce embeddings parallrletrized by a coll~pJex number a E C depending on 
the modular action associated to q), and construct non-commutative Lp-spaces parametrized 
V2 (resp. a = V2), our Lp-space coincides with Kosaki's left by a. When q) is a state and a =-
Lp-space (resp. right Lp-space). On the ot,her hand, when ep is a weight and a = O , our Lp-
space is exactly Tel~p's one. Hence our constrUction is a simultaneous generalization of 
constructions given by Kosaki and Terp. 
The first difficulty which arises when we consider the case where ep is a weight is to 
construct a suitable Banach space into which both M and M. are continuously embedded. To 
do this, first, we shall define the "common part" of M and M. in the following way. 
Definition 
For each a EC , we define 
there exists a unique functional ~)(*) eE M. such that 
L(~) = xe~M ep(')(y'z) = (;Tep(x)JpA~Ap(y) IJ~A~"Ap(z)) 
for aH y,z eEC~o 
where {7rp. Ap} is the semi-cyclic representation associated to the weight ep, and Jp, Aep are 
modular conjugation and modular operator, respectively, and C~o is the full Tomita algebra. 
When ep is a state and a =:!~1/2, we have L(*)=M and 
q)(~1/2) xq) ~(1/2) q)x x E M 
These correspond to Kosak-i's embeddings 
 x e~E M~･ x~) E M. 
and 
x E M- c)x e~ M.. 
When q' is a weight and a =0, then L(o) Is exactly Terp's L. 
By definition, L(.) Is a linear manifold of M and the map 
j(~) : x E L(.) - q)(') ~~ M 
is linear and injective. 
We def'ine the norm of L(*) by 
I: x [iL(.)= max{1: x ll*, Il ep(') Il } 
 where ll ･ Ii~and If ･ I11 denote the rlorms of M and M., respectively. Then L(.) Is a Banach 
s pace. 
For any given a, we shall define i(~) as the inclusion map from L(~) Into M. Then we have 
the following. 
Pro position 
(1) a;~CL(.) and 
f*') 
 ~)y･･- CDJ.~, A (y) J.A.A.(.), y, z E a~ 
whele (L'~, ~' ~, n E H~' means the vectorial functior}a] (' ~¥n). 
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(2) Th.e set i(a)(L(a)) is Lveahly' dense irL M. 
(3) The set j(a)(L(a)) is r~orm der~se irL M.. 
Next, we consider the dual Banach space L(~)* of L(a) and define the adjoint map 
t( ) M ~>L(a) of i(a) by 
<y, i(~)(ip)>Lc')' (~) L * = c(y), yEL(a),ipEM. 
and also define the adjoint map j(.) : M ~> L(.)' of j(.) by 
.L * = ~)(a)(x), y~~L(a)' x E M. <y, jj.)(x)>L(.) {') 
Then we have 
Theorem A 
(1) ~oth i(~) arrd j(~) are rLorm decreasLng arrd Lr~jecttve lcr~ear maps 
(2) The equality 
q:1(a)(y) = ep(~a)(x), x eE L(a)' y e~ L(_a) 
holds, that is, the diagram 
M 
L(~;' ¥¥(:~ 
~ //'a)(~a) 
M. 
i,s commutative. 
The proof of (2) is roughly described as follows. First, we prove the theorem for the case 
where a =it (tEJ~) by using regularization. For a general a, we use analytic continuation 
method. 
By Theorem A, we can embed both M and M. continuously into the Banach space L(_~)*. 
Hence we obtain a compatible pair (M, M.)(~) in the sense of Calderbn and so we can define 
a non-commutative Lp-space Lf~)(M, ep) by 
L(a)(M, q)) = CI/p(M M)(a) I < p < QQ 
Corollary I The set L(~) is the commorL part of M arrd M., that is, 
j(.)(M) ni(_~)(M.) = (i(_.)oj(a))(L(a)) = (j(-.)o i(a))(L(~)), a E C. 
Corollary 2 For each p, I <p<oo, the set jj-~) (M)ni(_~) (M.) is rLorm dense irL each 
Lf.) (M, ~). 
, ~' , s, s' E R be arry tu)o complex r~umbers. Theorem B I.et a =r+is, ~ r +1s r r
Then the map 
aH~ aPi(rl-r) (sl-s)(a) 
o/~ c~~ can- be ext.ended ur~i,quely to ar~ isomorphi.sm Up, (~, .) :L~.)(q') ->L(~)(~). 
MoreoL'er, for an~' a , ~, 7 E C, u)e have the chair~ rule : 
U = Up (T ~) o U ' p, (~, a)' p, (T. ") 
In the proof of Theorem B a surtable modification of complex interpolation to our 
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situationandthetheoryofPoissonkernelsplayessentialroles.
ItseemspartlcularlyinterestingthaLourconstructionincludesparametrlzedre&1izationof
 Kosaki'sIeftLP-space(α=一1/2)andright.乙P-space(α二1/2)andTerp'sL死space(α=0).
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 論文審査の結果の要旨
 泉提出の論文は,ノイマン環上の一般の荷重に付随した非可換が空間のカルデロンの複素補間法を用
 いた新しい構成に関するものである。
 1984年幸崎,タープ等は,それぞれ特殊な場合に,ノイマン環とその前共役空間をあるバナッハ空間に
 埋め込むことによって各ρ(1<ρ<。。)に対して得られるカルデロンの補間空間がハーゲルップに
 よって構成された普遍的な非可換が空間と同型であることを示した。
 泉は,彼らの結果の同時拡張を行った。即ちノイマン環M上の一般の荷重ψに対して,ψが有限の場
 合を扱った幸崎の結果及びψは一般であるが特殊な埋め込みの場合を扱ったタープの結果を共に含むよう
 な,ψに付随したモジュラー作用σψによって引き起こされる複素径数αをもつ非可換L&)(M,ψ)空間
 を構成する事に成功した。以下その内容を説明する。
 一般の荷重ψについて考察する場合最初に起こる困難性はノイマン環Mとその前共役M.とが共に連続
 的に埋め込めるような適当なバナッハ空間を構成しなければならないことである。泉は,任意の複素数α
 について,モジュラー作用σψに付随したMとルf.の共通部分(M∩五4.)(.)を定義し,M,砿を共通のバナッ
 ハ空間(M∩ルf.)〔■一、)ヰに埋め込むことによって,各ρ(1<ρ<・。)に対して,カルデ・ンの補間空間
 Ll、)(ハ4,ψ)を構成することに成功した。
 更に,各αに対して五&)(ルf,ψ)からタープの構成したL拓)(M,ψ)空間への自然な等距離同型写
 像妬,.を構成する事によって乙1.)(砿ψ)はし拓)(砿ψ)と同型である(従って回帰的である)ことを
 証明した。
 泉の論文は,ノイマン珊4上の一般の荷重ψに対して,幸崎及びタープによって構成された空間がそれ
11
 ぞれα訟一一,αz一及びα=0の場合に相当するような,ψに付随したモジュラー作用σψによって
22
 引き起こされる複素径数αをもつ非可換Lε.)(ルf,ψ)空間を構成した大変興味深い重要な結果を含むも
 のであり,その計算力を駆使した証明法はモジュラー理論,解析接続の理論,ポアソン核の理論等を巧み
 に使用した独創的なものである。泉の論文は博士の学位論文として適当であり,更に泉は自立して研究活
 動を行うに必要な高度の研究能力と学識を有することを示している。従って,泉英明提出の論文は,博士
 (理学)の学位論文として合格と認める。
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